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(54) Fuel cell with reactant humidlf (cation in rnanifoids 



(57) One end of an air passage (32) facing a cath- 
ode (33B) of a fuel cell (36) forming a fuel celf stack (6) 
Is connected to a first manifold (1 A), and the other end 
is connected to a second manifold (1 B). A water-absorb- 
ing material (30) is disposed at a position in contact with 
an air flow in the first manifold (1 A) and second manifold 



(1 B). The air is made to circulate according to a humidity 
state by changing over between a first airflow direction 
wherein air flows from the first manifold (1 A) to the sec- 
ond manifold (1 B) via the air passage (32), and a second 
air flow direction wherein airflows from the second man- 
ifold (1B) to the first manifold (1A) via the air passage 
(32), so a membrane electrolyte is efficiently humidified. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to humidification of a 
membrane electrolyte in a fuef cell. 

BACKGROUND OF THE INVENTION 

[0002] When a polymer electrolyte fuel cell (PDFC) 
generates power, if the membrane electrolyte dries out, 
the ionic conductivity falls, so a resistance overvoltage 
increases and the power, generating efficiency fa Us. 
Conversely, if the water in a gas diffusion layer situated 
on both sides of the membrane electrolyte is excessive, 
it interferes with the diffusion of reactive gases to the 
electrodes of the fuel cell, so a diffusion overvoltage in- 
creases and the power generating efficiency again falls. 
Herein, the reactive gas Is air for the cathode and hy- 
drogen for the anode. In the air, only the oxygen is used 
for reaction. 

[0003] To supply a suitable amount of water to the 
membrane electrolyte. Tokkai 2000-323159 published 
by the Japanese Patent Office in 2000 discloses a 
frame-shaped water-absorbing sheet surrounding the 
cathode and joined to the membrane electrolyte. At the 
cathode, water is produced by the reaction of hydrogen 
ions which have passed through the membrane electro- 
lyte and oxygen in the air. When the water-absorbing 
sheet adsorbs and holds this water, the membrane elec- 
trolyte and air supplied to the fueJ cell from outside is 
humidified. By humidifying the membrane electrolyte, 
water which has passed through the membrane electro- 
lyte also humidifies hydrogen supplied to the anode on 
the other side of the membrane electrolyte, 

SUMMARY OF THE INVENTION 

[0004] The water-absorbing sheet absorbs water at a 
downstream portion of the gas passage facing the cath- 
ode, and the absorbed water moves through the interior 
of the water-absorbing sheet to humidify fresh air which 
has flowed into the gas passage at an upstream portion 
of the gas passage. The reason why the absorbed water 
moves in the water-absorbing sheet is because a differ- 
ence arises in the water content of the water-absorbing 
sheet, and if this watercontent gradient is not sufficiently 
sharp, a desirable water mobility rate is not obtained. 
[0005] Further, when the water content of the down- 
stream portion of the water-absorbing sheet is close to 
saturated, the water absorption efficiency falls. In this 
state, a targe amount of water is discharged outside the 
fuel cell as a part of cathode effluent. 
[0006] Due to this situation, it is difficult to obtain a 
water content sufficient to humidify the membrane elec- 
trolyte with the water-absorbing sheet alone. 
[0007] It is therefore an object of this invention to en- 
hance the efficiency of a water absorption-humidifica- 
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tion cycle in the humidification mechanism of a mem- 
brane electrolyte using a water-absorbing material such 
as a water-absorbing sheet. 

[0008] (n order to achieve the above object, this in- 

5 vention provides a fuel cell power plant comprising a fuel 
cell stack wherein plural fuel cells are stacked in series, 
and each of the fuel cells comprises a membrane elec- 
trolyte, an electrode in contact with the membrane elec- 
trolyte, and a gas passage formed facing the electrode. 

10 The power plant generates power by a chemical reac- 
tion of a gas flowing in the gas passage at the electrode. 
[0009] The power plant further comprises a first man- 
ifold communicating with an end of each of the gas pas- 
sages, a second manifold communicating with the other 

15 end of each of the gas passages, and a gas supply 
mechanism. Both the first manifold and the second man- 
ifolds comprise a water-absorbing material facing a flow 
of the gas, and the gas supply mechanism has a function 
to selectively change over between a first gas supply 
. 20 direction wherein the gas is made to flow from the first 
manifold to the second manifold via the gas passages, 
and a second gas supply direction wherein the gas is 
made to flow from the second manifold to the first man- 
ifold via the gas passages, so as to supply the gas to 

25 the fuel cells. 

[0010] It is preferable that the power plant further 
comprises a sensor which detects a parameter relating 
to a humidity in the gas passages and a controller func- 
tioning to determine whether or not the parameter sat- 

30 isfres a predetermined condition, and control the gas 
supply mechanism to change over the gas supply direc- 
tion when the parameter does not satisfy the predeter- 
mined condition. 

[0011] This invention also provides a gas supply di- 
35 rection control method for the above-described power 
plant, comprising detecting a parameter relating to a hu- 
midity in the gas passages, determining a parameter re- 
lating to a humidity in the gas passages, and controlling 
the gas supply mechanism to change over the gas sup- 
40 ply direction when the parameter does not satisfy the 
predetermined condition. 

[0012] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
45 drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic diagram showing an air 
SO supply mechanism of a fuel ceil stack according to a first 
embodiment of this invention. 

[0014] FtG. 2 is similar to FIG. I.butshowing the case 
where the air supply direction is reversed. 
[0015] FIG. 3 is a schematic diagram of a fuel cell 
55 stack air passage including a partial longitudinal cross 
sectional view of the fuel cell stack. 
[0016] FIG. 4 is a timing chart describing the variation 
of humidity sensor measurement values according to 
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the first embodiment of this invention. 
[0017] FIG.. 5 is a flowchart describing an air supply 
direction change-over routine executed by a controller 
according to the first embodiment of this invention. 
[0018] FIG. 6 is a schematic diagram of the essential 
parts of an air supply mechanism according to a second 
embodiment of this invention. 

[0019] FIG. 7 is a timing chart describing the variation 
of humidity sensor measurement values according to 
the second embodiment of this invention. 
[0020] FIG. 8 is a flowchart describing an air supply 
direction change -over routine executed by a controller 
according to the second embodiment of this invention. 
[0021] FIG. 9 is a schematic diagram of the essential 
parts of an air supply mechanism according to a third 
embodiment of this invention. 

[0022] FIG. 10 is a timing chart describing the varia- 
tion of a difference A1 in the humidity detected by two 
upstream hygrometers according to the third embodi- 
ment of this invention. 

[0023] FIG. 11 is a timing chart describing the varia- 
tion of a difference A2 in the humidity detected by two 
downstream hygrometers according to the third embod- 
iment of this Invention. 

[0024] FIG. 1 2 is a flowchart describing an air supply 
direction change -over routine executed by the control- 
ler according to the third embodiment of this invention. 
[0025] FIG. 13 is a schematic diagram of the essential 
parts of an air supply mechanism according to a fourth 
embodiment of this invention. 

[0026] FIG. 14 is a timing chart describing the varia- 
tion of a water content detected by two water content 
sensors according to the fourth embodiment of this in- 
vention. 

[0027] FIG. 15 is a perspective view of the water con- 
tent sensor according to the fourth embodiment of this 
invention. 

[0028] FIG. 16 is a diagram describing the relation be- 
tween the output of the water content sensor and the 
water content of a water-absorbing material. 
[0029] FIG. 17 is a perspective view of a water content 
sensor according to a fifth embodiment of this invention. 
[0030] FIG. 18 is a perspective view of a water content 
sensor according to a sixth embodiment of this inven- 
tion. 

[0031] FIG. 19 is a diagram describing the relation be- 
tween the output of an optical sensor applied to a water 
content sensor, and the water content sensor. 
[0032] FIG. 20 is a schematic diagram of a fuel cell 
stack according to a seventh embodiment of this inven- 
tion. 

[0033] FIG. 21 is a timing chart describing the varia- 
tion of the output voltage of a voltmeter according to the 
seventh embodiment of this invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] A first embodiment of this invention will be de- 

5 scribed referring to the FIGs. 1-5 of the drawings. 

[0035] Referring to FIG. 1, an air supply mechanism 
for a fuel cell stack 6 according to this invention supplies 
air from a compressor 5 to an air passage 32 formed 
inside the fuel cell stack 6, three-way valve 20, and one 

io of three-way valves 21, 22. The three -way valve 20 
comprises a port 20A connected to the compressor 5, 
a port 20B connected to the three-way valve 22, and a 
port 20C connected to the three -way valve 21. The 
three -way valve 20 makes the port 20A communicate 

*5 with one of the port 20B and port 20C according to an 
output signal from a controller 8. 
[0036] The three-way valve 21 comprises a port 21 A 
connected to the port 20C of the three-way valve 20, a 
port 21 B connected to an air manifold 1A fitted to the 

20 fuel cell stack 6, and a port 21 C connected to a dis- 
charge pipe 7A which opens to the atmosphere. The 
three-way valve 21 makes the port 21B communicate 
with one of the ports 21 A and 21 C according to an output 
signal from the controller 8: 

25 [0037] The three-way valve 22 comprises a port 22A 
connected to an air manifold 1B fitted to the fuel cell 
stack 6, a port 22B connected to the port 20B of the 
three-way valve 20, and a port 22C connected to a dis- 
charge pipe 7B which opens to the atmosphere. The 

30 three-way valve 22 makes the port 22A communicate 
with one of the ports 22B and 22C according to an output 
signal from the controller 8. 

[0038] Next, referring to FIG. 3, the fuel cell stack 6 is 
a stacked structure comprising a large number of fuel 

35 cells 36 stacked in series. Each fuel cell 36 comprises 
a membrane electrolyte 33 having an anode 33A and 
cathode 33B on either side, and an anode gas separator 
34 and cathode gas separator 35 formed of an electri- 
cally conductive material disposed outside the anode 

<o 33A and cathode 33B so as to grip them. 

10039] A hydrogen passage 31 facing the anode 33A 
is formed inside the anode gas separator 34. An air pas- 
sage 32 facing the cathode 33B is formed inside the 
cathode gas separator 35. Therefore, a large number of 

45 the hydrogen passages 31 and air passages 32 are 
formed inside the fuel cell stack 6 which is a stack of the 
single fuel cells 36. The solid arrows in the diagram 
show the air flow, and the broken arrows show the hy- 
drogen flow. 

50 [0040] One end of the air passages 32 is connected 
lo the air manifold 1A, and the other end is connected 
to the air manifold 1 B. Due to this arrangement, air sup- 
plied to one of the air manifolds 1A(1B) is supplied to 
the cathode 33B by the air passage 32 of each of the 

55 fuel cells 36. 

[0041] Although not shown in this diagram, one end 
of the hydrogen passages 31 is connected to a hydro- 
gen manifold; and the other end of the hydrogen pas- 
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sages 31 is connected to another hydrogen manifold as 
in the case of the air passage 32. Hydrogen is supplied 
to one of the two hydrogen manifolds^ and consequently 
supplied to the anode 33A via the hydrogen passage 31 
of each of the fuel cells 36. Anode effluent resulting from 
completion of the electrochemical reactions at the an- 
ode 33A is discharged from the hydrogen passages 31 
to the other hydrogen manifold. 
[0042] Hydrogen supplied to the anode 33A passes 
through the membrane electrolyte 33 as hydrogen ions, 
and produces water vapor by combining with oxygen in 
air supplied to the cathode 33B. As a result, cathode 
• effluent which is a gaseous mixture of the residual com- 
ponents of air after consumption of oxygen and water 
vapor thus produced is discharged from the cathode 
33B to the other air manifold 1 B (1 A) via the air passage 
32. 

{0043] The inner peripheries of the air manifolds 1 A r 
1B are respectively covered by a water-absorbing ma- 
terial 30. An organic water-absorbing material such as 
a water-absorbing polymer resin, fibrous paper or cloth, 
or an inorganic water^absorbing material such as silica 
gel or alumina gel, is used as the water-absorbing ma- 
terial 30. Apart from covering the inner peripheries of 
the air manifolds 1A, 1B with the water-absorbing ma- 
terial 30, the air manifolds 1A, 1B may have a honey- 
comb cross section, and the water-absorbing material 
30 may be fitted to the honeycomb wail surface. Unlike 
the water -absorbing sheet of the aforesaid prior art ex- 
ample, the water-absorbing material 30 does not nec- 
essarily have to be continuous. Therefore, the water-ab- 
sorbing material 30 may also be provided as a filter- 
shaped block which cuts across the air flow in the air 
manifolds 1A, 1B. However, the water- absorbing mate- 
rial 30 must be provided in both of the air manifolds 1A f 
1B. 

[0044] As described above, one end of the air mani- 
fold 1A is connected to the port 21B of the three-way 
valve 21, and the other end is closed. As described 
above, one end of the air manifold 1B is connected to 
the port 22A of the three-way valve 22, and the other 
end is closed. 

[0045] Now, referring again to FIG. 1, a black arrow 
in thB diagram shows that the corresponding port is 
closed, and a white arrow shows that the corresponding 
port is open. Taking the three-way valve 20 as an exam- 
ple, the port 20B is closed and the port 20C is open, i. 
e., the port 20A communicates with the port 20C. Like- 
wise, in the three-way valve 21 , the port 21 A communi- 
cates with the port 21B, and the port 21C is closed. In 
the three-way valve 22, the port 22C communicates with 
the port 22A, and the port 22B is closed. In this state, 
air supplied by the compressor 5 is supplied to the air 
manifold 1 A via the three-way valves 20, 21 . Also, cath- 
ode effluent from the cathode 33 B is discharged to the 
air manifold 1B, and discharged to the atmosphere from 
the discharge pipe 7B via the three-way valve 22. The 
air flow direction when the three-way valves 20-22 are 
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in the positions shown in FIG. 1 , win be referred to as a 
first air supply direction in the following description. 
[00461 Referring to FIG. 2, the three-way valve 20 
makes the port 20B communicate with the port 20A, and 

s closes the port 20C. The three-way valve 21 makes the 
port 21 C communicate with the port 21 B, an d closes the 
port 21A. The three-way valve 22 makes the port 22B 
communicate with the port 22A, and closes the port 22C . 
In this state, the air supplied by the compressors is sup- 

10 plied to the air manifold 1 B via the three-way valves 20, 
22. Also, cathode effluent discharged from the cathode 
33B to the air manifold 1A, is discharged to the atmos- 
phere from the discharge pipe 7A via the three-way 
valve 21. The air flow direction when the three-way 

1$ valves 20-22 are in the positions shown in FIG. 2, will 
be referred to as a second air supply direction in the 
following description. 

10047] When the air is f rowing in the first air supply 
direction, and the fuel cell stack 6 is operated in this 

20 state, air supplied from the compressor 5 to the air man- 
ifold 1A via the three -way valves 20, 21, is distributed 
to the air passages 32 in the fuel cells 36. At the cathode 
33B facing the air passage 32, the oxygen In this air gen- 
erates water vapor due to reaction with hydrogen ions 

25 from the anode 33A which have passed through the 
membrane electrolyte 33. This water vapor humidifies 
the membrane electrolyte 33, mixes with components 
of the air apart from the oxygen consumed in the reac- 
tion, and is discharged as cathode effluent from the air 

30 passage 32 to the air manifold 1B. Therefore, the cath- 
ode effluent contains a large amount of water vapor. 
This water vapor is absorbed by the water-absorbing 
material 30 disposed in the air manifold 1B. After some 
of the water vapor is absorbed by the water-absorbing 

3S material 30, the cathode effluent is discharged to the at- 
mosphere from the discharge pipe 7B via the three-way 
valve 22. 

[0048] When the water-absorbing material 30 in the 
air manifold 1 B has absorbed sufficient water, the air 

<o supply direction is changed over from the first air supply 
direction to the second air supply direction, so that air 
from the compressor 5 is applied to the air manifold 1 B. 
The air supplied to the air manifold 1B is humidified by 
coming in contact with the water-absorbing material 30 

<5 which has absorbed water The humidified air is distrib- 
uted to the air passages 32 in the fuel cells 36, and 
reaches the cathode 33B. At the cathode 33B, water va- 
por is produced due to reaction of oxygen with hydrogen 
ions. Due to the water vapor produced and the water in 

so the humidified air, the membrane electrolyte 33 is well 
humidified. At the same time, cathode effluent dis- 
charged from the air passages 32 to the air manifold 1 A 
contains a large amount of water. This water is absorbed 
by the water-absorbing material 30 disposed in the air 

55 manifold 1A. After the water vapor is absorbed by the 
water-absorbing material 30, the cathode effluent is dis- 
charged to the atmosphere from the discharge pipe 7A 
via the three-way valve 21. 
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[0049] In other words, water in cathode effluent dis- 
charged from the air manifolds is absorbed by the water- 
absorbing material 30, and when the air supply direction 
is changed over, air supplied from outside to the same 
air manifold is humidified by water absorbed by the wa- 5 
ter-absorbing material 30. Therefore, the water content 
of the water-absorbing material 30 in contact with cath- 
ode effluent increases as operation of the fuel cell stack 
continues. At the same time, the water content of the 
water-absorbing material 30 in contact with air supplied 
from outside, decreases as operation of the fuel cell 
stack continues. 

[0050] In this situation, the controller 8 operates the 
three-way valves 20-22 to change over between the first 
air supply direction and second air supply direction ac- 
cording to the humidity of the air distributed to the air 
passages 32, so that the humidity of the air supplied to 
the air passages 32 is maintained within a suitable 
range, and a correct amount of water is always supplied 
to the membrane electrolyte 33. 
[0051] In this embodiment, an index showing the hu- 
midity of the air distributed to the air passages 32 is ob- 
tained from a first hygrometer 9A installed at one end of 
the air manifold 1 A leading to the port 21 B , and a second 
hygrometer 9B installed at one end of the air manifold 
1 B teading to the port 22B. 

[0052] The humidities detected by the hygrometers 
9A, 9B are respectively input as signals to the controller 
6. 

[0053] FIG. 4 shows the humidity detected by the hy- 
grometers 9A, 9B with elapsed time when the air supply 
direction is changed over from the second air supply di- 
rection to the first air supply direction during operation 
of the fuel cell stack 6. The air supplied to the air man- 
ifold 1A after air supply direction change-over, is mainly 
humidified by the water-absorbing material 30 near the 
inlet of the air manifold 1A immediately following the 
change-over, When the water content of the water-ab- 
sorbing material 30 near the inlet falls with elapsed time, 
air supplied to the air manifold 1A is humidified by the 
water in the water-absorbing material 30 situated at a 
distance from the inlet. Thus, the water content of the 
water-absorbing material 30 disposed in the vicinity of 
the inlet of the air manifold 1 A fails earlier than the water 
content of the water-absorbing material 30 disposed in 
the other part. The humidity detected by the first hy- 
grometer 9A disposed at the inlet of the air manifold 1A, 
very well reflects the variation of water content of the 
water-absorbing material 30 disposed in the vicinity of 
the inlet of the air manifold 1 A. 

[0054] On the other hand, in the air manifold 1B into 
which cathode effluent is discharged, the water content 
of the water-absorbing material 30 surrounding the out- 
let of the air passages 32 rises early during the opera- 
tion. 

[0055] Then, the water content of the water-absorbing 
material 30 in the vicinity of the outlet of the air manifold 
1B f rises with elapsed time. Therefore, the second hy- 



grometer 9B disposed at the outlet of the air manifold 
1 B, very well reflects the variation of the water content 
of the water-absorbing material 30 in the vicinity the out- 
let of the air manifold 1B. 

[0056] The change-over of air supply direction based 
on the humidity detected by the hygrometers 9A, 98 dis- 
posed in this way r has the following significance. Spe- 
cifically, regarding humidrfication of the supplied air, the 
change-over of air supply direction depending on the 
water content of the part where the fall of the water con- 
tent is earliest ensures that the air supplied to all the air 
passages 32 is always sufficiently humidified. Regard- 
ing the water absorption of the water-absorbing material 
30, all of the water-absorbing capacity of the water-ab- 
sorbing material 30 can be utilized by changing over the 
air supply direction based on the water content of the 
part where the rise of water content is slowest. 
[0057] The controllers is a microcomputer comprising 
a central processing unit (CPU), read-only memory 
(ROM), random access memory (RAM) and input/out- 
put interface (I/O interface). The controller may also 
comprise plural microcomputers. 
[0058] Next, referring to FIG. 5, the air supply direc- 
tion change-over routine executed by the controller 8 will 
be described. This routine is executed at an interval of 
one second during the operation of the fuel celt stack 6. 
[0059] First, in a step S1, the controller 8 reads the 
humidities detected by the hygrometers 9A, 9B. In a fol- 
lowing step S2, it is determined whether or not the inlet 
humidity is less than a lower limiting humidity. Here, the 
inlet humidity refers to the humidity detected by the first 
hygrometer 9A regarding the first air supply direction 
shown in FIG. 1, and to the humidity detected by the 
second hygrometer 9B regarding the second air supply 
direction shown in FIG, 2. Likewise, the outlet humidity 
refers to the humidity detected by the second hygrom- 
eter 9B regarding the first air supply direction shown in 
FIG. 1, and to the humidity detected by the first hygrom- 
eter 9A regarding the second air supply direction shown 
in FIG. 2. The lower limiting humidity is preferably set 
by experiment or through computer simulation. In a typ- 
ical case, it is set equal to thirty percent in terms of rel- 
ative humidity. 

[0060] When the inlet humidity is not less than the low- 
er limiting humidity, in a step S3, the controller 8 deter- 
mines whether or not the outlet humidity is higher than 
an upper limiting humidity. The upper limiting humidity 
is preferably set by experiment or through computer 
simulation. In a typical case, it is set equal to seventy 
percent in terms of relative humidity. When the outlet 
humidity is not higher than the upper limiting humidity, 
the controller 8 terminates the routine without operating 
the three-way vafves 20-22. 

[0061] When the inlet humidity is lower than the lower 
limiting humidity in the step S2, or when the outlet hu- 
midity is higher than the upper limiting humidity in the 
step S3, the controller 8 operates the three-way valves 
20-22 in a step S4 to change over the air supply direc- 
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tion. After the processing of the step S4, the controller 
8 terminates the routine. 

[0062] Due to this routine, when the humidity detected 
by the first hygrometer 9A is lower than the lower limiting 
humidity with respect to the first air supply direction, or 
when the humidity detected by the second hygrometer 
9B is lower than the lower limiting humidity with respect 
to the second air supply direction, the aic supply direc- 
tion is changed over. Also, when the humidity detected 
by the second hygrometer 9B is higher than the upper 
limiting humidity with respect to the first air supply direc- 
tion, or when the humidity detected by the first hygrom- 
eter 9A is higher than the upper limiting humidity with 
respect to the second air supply direction, the air supply 
direction is changed over. 

[0063] Due to the operation of the fuel cell stack 6, the 
water content of the water-absorbing material 30 situat- 
ed in the vicinity of the outlet of the air passages 32 of 
the fuel cells rises, and the water content of the water- 
absorbing materia) 30 situated in the vicinity of the inlet 
of the air passages 32 falls. Due to the execution of this 
routine, when the water content of the water-absorbing 
material 30 in the vicinity of the outlet of the air passages 
32 is excessive, or when the water content of the water- 
absorbing material 30 in the vicinity of the inlet of the air 
passages 32 has fallen to a level at which the air sup- 
plied from outside cannot be suitably humidified, the air 
supply direction is changed over. As a result, the air sup- 
plied from outside is humidified using the water-absorb- 
ing material 30 which has absorbed sufficient water from 
cathode effluent. In this way, the water produced by the 
power generation of the fuel celf stack 6 js efficiently uti- 
lized, and the membrane electrolyte 33 can always be 
maintained at a suitable water level. 
[0064] When the air supply direction is changed over, 
in the fuel cells 36, the flow direction of the arr passages 
32 is reversed. The oxygen concentration of the air in 
the air passages 32 falls progressively further down- 
stream due to the reaction of oxygen and hydrogen ions 
in the cathode 33B. As a result r the current density dis- 
tribution and temperature distribution of the reaction sur- 
faces of the fuel cells 6 develop a bias. This bias tends 
to decrease the power generating efficiency of the fuel 
cells 6, but reversal of the air supply direction to the air 
passages 32 contributes to eliminating this bias. 
[0065] According to this embodiment, the air supply 
direction change-over was determined based on the in- 
let humidity and outlet humidity, but the air supply direc- 
tion can of course be changed over based only on one 
of these humidities as a parameter. 
[0066] Next, a second embodiment of this invention 
will be described referring to FIGs, 6-8. 
[0067] In this embodiment, a third hygrometer 10A 
and fourth hygrometer 10 B disposed as shown in FIG. 
6 are used instead of the first hygrometer 9Aand second 
hygrometer 9B of the first embodiment, in order to obtain 
an index showing the humidity of the air distributed to 
the air passages 32. The third hygrometer 10A is dis- 



posed between the first air manifold 1 A and the opening 
of the air passage 32 of the fuel cell 33 situated in the 
middle part of the fuel cell stack 6. The fourth hygrom- 
eter 1 0B is disposed between the opening on the oppo- 
5 site side of the same air passage 32 and the air manifold 
1B. The remaining features of the hardware relating to 
the air supply mechanism are identical to those of the 
first embodiment. 

[0068] The humidity characteristics detected by the 

10 hygrometers 10A, 10B when the fuel cell stack 6 is op- 
erated are shown in FIG. 7. The .lower curve in this dia- 
gram represents the humidity detected by a hygrometer 
situated upstream of the air passage 32. The upper 
curve represents the humidity detected by a hygrometer 

15 situated downstream of the air passage 32. Air which 
has been humidified by the water- absorbing material 30 
is supplied from the air passage 32 to the cathode 33B. 
At the cathode 33B, water vapor is produced by reaction 
of oxygen contained in the air with hydrogen ions which 

20 have passed through the membrane electrolyte 33. Part 
of this water vapor humidifies the electrolyte 33, and the 
remaining water vapor is discharged from the air pas- 
sage 32 as cathode effluent together with the residual 
air components after oxygen is consumed. Therefore, 

25 compared to the humidity of the air flowing into the air 
passage 32, the humidity of the cathode effluent flowing 
out from the air passage 32 is always high. 
[0069] When humid in* cat ion of the air supplied from 
outside continues due to the water-absorbing material 

30 30, the water content of the water-absorbing material 30 
decreases with the elapsed time, and the humidity de- 
tected by the hygrometers 10A, 10B also decreases. 
The timing of this decrease depends on the location of 
the air passage 32 that was selected for the installation 

35 of the hygrometers 10A, 10B. According to this embod- 
iment, the hygrometers 10A, 10B are installed in the air 
passage 32 situated in the middle of the fuel cell stack 
6, so an average water content of the water- absorbing 
material which performs humidification, or In other 

40 words the average humidity of a large number of the air 
passages 32, can be obtained. 

[0070] In order to obtain a better appreciation of the 
humidity of the air passages 32, it is preferred to instal 
a single hygrometer inside the air passage 32 instead 

45 of installing the hygrometers 1 0A, 10B in this way. How- 
ever, as the installation of a hygrometer inside the air 
passage 32 facing the cathode 33A may decrease the 
powergeneration efficiency of the fuel cell 36, according 
to this embodiment, the hygrometers 10A, 10B are re- 

50 spectivefy disposed between the air passage 32 and air 
manifolds 1A, 1B. 

[0071] The controller executes the air supply direction 
change-over routine shown in FIG. 8 using the humidity 
detected "by the third hygrometer 10A and fourth hy- 
55 grometer 10B disposed in this way. This routine is also 
executed at an interval of one second during the oper- 
ation of the fuel cell stack 6. 

[0072] First, in a step S11 , the controller 8 reads the 



11 



EP 1 349 225 A1 



12 



humidity detected by one of the hygrometers 10A, 10B 
which is situated upstream with respect to the air flow. 
The value read here is the humidity corresponding to 
the lower curve of FIG. 7. 

[0073] In a following step S 1 2, it is determined wheth- 
er or not the read humidity is iess than a lower limiting 
humidity. Herein, the lower limiting humidity is preferably 
set by experiment or through computer simulation. In a 
typical case, it is set equal to forty percent in terms of 
relative humidity. When the read humidity is less than 
the lower limiting humidity in the step S4. the three-way 
valves 20-22 are operated to change over the air supply 
direction. After the processing of the step S4, the con- 
troller 8 terminates the routine. Also, if the read humidity 
is not less than the lower limiting humidity the controller 
8 terminates the routine immediately without performing 
the processing of the step S4. 

[0074] Due to this routine, the air supply direction is 
changed over when the humidity detected by the third 
hygrometer 10A is less than the lower limiting humidity 
when the first air supply direction is applied, and when 
the humidity detected by the fourth hygrometer 10A is 
less than the lower limiting humidity when the second 
air supply direction is applied, in other words, the air 
supply direction is changed over each time the upstream 
humidity falls below the lower limiting humidity. 
[0075] Next, a third embodiment of this invention will 
be described referring to FIGs. 9-12. 
[0076] According to this embodiment, in order to ob- 
tain an index showing the humidity of the air supplied to 
the air passages 32, the first hygrometer 9A and second 
hygrometer 9B of the first embodiment are used in con- 
junction with the third hygrometer 10A and fourth hy- 
grometer 10B of the second embodiment. The remain- 
ing features of the hardware construction relating to the 
air supply mechanism, are identical to those of the first 
embodiment. 

[0077] In this embodiment, the difference between the 
humidities detected by the two hygrometers 9 A, 10A 
(98, 10B) situated upstream of the airflow, is shown in 
FIG. 10. Likewise, the difference between the humidities 
detected by the two hygrometers 9B, 10B (9A, 10A) sit- 
uated downstream of the airflow, is shown in FIG. 11. 
fn the following description, it is assumed that air is sup- 
plied to the fuel cell stack 6 depending on the first air 
flow direction, the hygrometers 9A, 10A are upstream 
hygrometers, and the hygrometers 9B, 10B are down- 
stream hygrometers. 

[0078] Referring to FIG. 10, the water content of the 
water-absorbing material 30 in the vicinity of the inlet of 
the air manifold 1 A first decreases due to the air supply, 
and the humidity detected by the first hygrometer 9A 
therefore decreases. At this time, as well-humidified air 
is supplied to the air passages 32. the humidity detected 
by the third hygrometer is high. Therefore, after chang- 
ing over the air supply direction, the difference A1 be- 
tween the humidities detected by the hygrometers 9A, 
10A increases. 



[0079] Wh en the water content of the water-absorbing 
material 30 of the air manifold 1 A decreases overall with 
the elapsed time, the humidity detected by the third hy- 
grometer 1 0A decreases. On the other hand, the water 

5 content of the water-absorbing material in the vicinity of 
the inlet of the air manifold 1A has already decreased 
to a constant level, so it does not fluctuate much at this 
stage. Asa result, the difference At between the humid- 
ities detected by the hygrometers 9A, 10A starts to de- 

fo crease. When the water content of the water-absorbing 
material 30 further decreases, this difference A 7 effec- 
tively becomes constant. 

[0080] Therefore, if the airsupply direction is changed 
over when the difference between the humidities detect- 
15 ed by the upstream hygrometers 9A, 10A starts to de- 
crease, the humidity of the air distributed to ail the air 
passages 32 can always be maintained at the proper 
level. 

[0081] Referring to FIG. 11, the difference A2 between 
• 20 the humidities detected by the downstream hygrome- 
ters 9B, 10B decreases together with the elapsed time 
from when the air supply direction was changed over. 
Due to the production of water vapor at the cathode 33B, 
the humidity detected by the second hygrometer 9B is 

25 effectively constant. On the other hand, when the water 
content of the water-containing material 30 in the air 
manifold 1 B rises, the discharged water increases with- 
out being absorbed by the water-containing material 30, 
and consequently the humidity of the fourth hygrometer 

30 1 0B rises. 

[0082] Therefore, if the airsupply direction is changed 
over when the difference A2 of the humidities detected 
by the downstream hygrometers 9B, 1 0B becomes less 
than the lower limiting value, the water vapor discharged 

35 to the atmosphere from the air manifold 1B can be re- 
duced, and the recovery of water vapor in the cathode 
effluent can be enhanced. The lower limiting value is 
preferably set by experiment or through computer sim- 
ulation. In a typical case, the lower limiting value is set 

40 to ten percent of the average of the detected values by 
the hygrometers 9B and 10B. 

[0083] To perform this control, the controller 8 exe- 
cutes the routine shown in FIG. 1 2 instead of the routine 
shown in FIG. 5 of the first embodiment. 
45 [0084] First, in a step S21 , the controller reads the hu- 
midities detected by the hygrometers 9A, 9B and hy- 
grometers 10A, 10B. 

[0085] In a following step S22, the controller 8 calcu- 
lates a difference A1 between the humidities detected 

so by the two upstream hygrometers 9A, 10A (9B, 10B) as 
a first parameter, and calculates a difference A2 be- 
tween the humidities detected by the two downstream 
hygrometers 9B, 10B (9A, 10A) as a second parameter. 
[0086] In a next step S23, the controller 8 determines 

55 whether or not the difference A1 has started to de- 
crease. If the difference A1 has not started to decrease, 
in a step S24, it is determined whether or not the differ- 
ence A2 has fallen to less than the lower limiting value. 
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[0087] If the difference has started to decrease in 
the step S22. or if the difference A2 has fallen below the 
lower limiting value in the step S23. the controller 8 
changes over the air supply direction by operating the 
three-way valves 20-22 in the step S4. After the 5 
processing of the step S4, the controller 8 terminates 
the routine. 

[0088] If the difference A2 is not less than the lower 
limiting value in the step S24, the controller 8 terminates 
the routine immediately without performing the process- 
ing of the step S4. 

[0089] Due to this routine, when the first air supply di- 
rection is applied, the air supply direction is changed 
over to the second air supply direction at the earlier of 
the timings when the first parameter A1 starts to'de- 
crease after increasing, and when the second parame- 
ter A2 falls below the lower limiting value. When the sec- 
ond air supply direction is applied, the air supply direc- 
tion is changed over to the first air supply direction at 
the earlier of the timings when the second parameters 
starts to decrease after increasing, and when the first 
parameter A / falls below the lower limiting value. 
[0090] In this embodiment, the hu modification states 
of the electrolyte 33 and the water absorption state of 
the water-absorbing material 30, can be correctly re- 
flected in the change-over of the air supply direction. 
[0091] Next, a fourth embodiment of this invention will 
be described referring to FIGs. 13-16. 
[0092] Referring to FIG. 13, according to this embod- 
iment, a first water content sensor 11 A and second wa- 
ter content sensor 11 B are used instead of the first hy- 
grometer 9A and second hygrometer 9B of the first em- 
bodiment to obtain an index representing the humidifi- 
cation of the air distributed to the air passages 32. The 
first water content sensor 11A is installed on the wall 
surface of an intermediate part of the air manifold 1A. 
The second water contentsensor 1 1B is installed on the 
wall surface of an intermediate part of the air manifold 
1B. Unlike the hygrometers 10A, 10B of the second em- 
bodiment, the water content sensors 11 A, 11 B do not 
have to face the air passages 32. The remaining fea- 
tures of the hardware relating to the air supply mecha- 
nism are identical to those of the first embodiment. 
[0093] Referring to FIG. 15, the water content sensors 
11 A, 11 B comprise a strain gauge 12 stretched over the 
surface of the water-absorbing body 30 which covers 
the inner circumference of the air manifolds 1A, 1B. The 
water-absorbing body 30 is formed of a material which 
expands according to the water content. 
[0094] In this case, the relation between the water 
content of the water-absorbing body 30 and the defor- 
mation of the water-absorbing body 30 detected by the 
strain gauge 12 as shown in FIG. 16, is first found by 
experiment. A map specifying this relation is prestored 
in the memory of the controiler 8, and the controller 8 
converts the detected deformation to a water content by 
looking up the map. Due to this arrangement, the detec- 
tion of deformation amount becomes the detection of 



water content. 

[0095] FIG. 14 shows the variation of the water con- 
tent detected by the water content sensors 1 1 A, 11 B with 
elapsed time after the air supply direction has been 
changed over from the second air supply direction to the 
first air supply direction during operation of the fuel cell 
stack 6. The water-absorbing material 30 in the air man- 
ifold 1 A to which air is supplied from outside, humidifies 
the supplied air so that its water content decreases with 
the elapsed time. On the other hand, the water-absorb- 
ing material 30 in the air manifold 1B into which cathode 
effluent containing water vapor is discharged, absorbs 
water vapor in the cathode effluent so that its water con- 
tent increases with the elapsed time. 
[0096] The controller 8 changes over the air supply 
direction by operating the three-way valves 20-22 when 
the water content detected by the water content sensor 
11A<11B) situated upstream is less than a lower limiting 
value, or the water content detected by the water con- 
tent sensor 11 B(11 A) situated downstream is more than 
an upper limiting value. The air supply direction change- 
over routine executed by the controller 8 for this purpose 
is substantially identical to the routine of FIG. 5 of the 
first embodiment. 

[0097] However, in the step S1 , the water content de- 
tected by the water content sensors 11 A, 11 B is read, In 
the step S2, the water content of the water- absorbing 
material 30 of the air manifold 1 A(1 B) which is upstream 
of the air flow is compared with a lower limiting value, 
and In the step S3, the water content of the water-ab- 
sorbing material 30 of the downstream air manifold 1B 
(1 A) is compared with an upper limiting value. The lower 
limiting value and the upper limiting value are preferably 
set by experiment or through computer simulation. In a 
typical case, however, the lower limiting value is set to 
twenty percent of the saturated state, and the upper lim- 
iting value is set to eighty percent of the saturated state. 
[0098] In the first-third embodiments, an index humid- 
ity showing the humidity of the air distributed to the air 
passages 32 was used, but the water content may also 
be used as in this embodiment. 

[0099] Next, a fifth embodiment of this invention relat- 
ing to the structure of the water content sensor will be 
described referring to FIG. 1 7. 

[0100] In this embodiment, water content sensors 40 
shown in FIG. 17 are respectively used instead of the 
water content sensors 11A(11B) of the fourth embodi- 
ment. The remaining features of the air supply mecha- 
nism are identical to those of the fourth embodiment. 
[0101] Referring to FIG. 17, part of the water-absorb- 
ing material 30 which covers the inner circumference of 
the air manifold 11A(11B) is supported at an end by a 
plate-shaped elastic member 13 fixed to a wall surface 
41 of the air manifold 11A(11B). The strain gauge 12 is 
stretched by this elastic member 13. 
[0102] The weight of the water-absorbing material 30 
increases as the water content of the water-absorbing 
material 30 increases, so the bending of the elastic 
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member 13 increases. The strain gauge 12 outputs a 
signal according to this bending. The output of the strain 
gauge 12 and the water content have an identical rela- 
tion to that shown in FIG. 16 of the fourth embodiment. 
In this case also, the relation between the water content 
of the water-absorbing material 30 and the output of the 
strain gauge 12 is first found by experiment. A map 
specifying this relationship is prestored in the memory 
of the controller 8, and the controller 8 converts the de- 
tected deformation to the water content by looking up 
this map. 

[0103] Next, a sixth embodiment relating to the con- 
struction of the water content sensor will be described 
referring to FIGs. 18, 19. 

[0104] According to this embodiment, water content 
sensors 50 shown in FIG. 18 are respectively used in- 
stead of the water content sensor 11 A(1 1 B) of the fourth 
embodiment. The remaining features of the construction 
relating to the air supply mechanism are identical to 
those of the fourth embodiment. 

[0105] Referring to FIG. 18, the water content sensor 
50 comprises a light-emitting body 15 and optical sensor 
16 which straddle one end of the water-absorbing ma- 
terial 30 from both sides. The other end of the water- 
absorbing material 30 is fixed to the wall surface of the 
air manifold 1A(1B). The positions of the light-emitting 
body 15 and optical sensor 16 are set so that part of the 
light from the light-emitting body 15 received by the op- 
tical sensor 16. is blocked by the water-absorbing mate- 
rial 30. The optical sensor 16 inputs a signal according 
to the received light amount to the controller 8. 
[01 06] When the water content of the water-absorbing 
material 30 increases, the water-absorbing material 30 
expands, the light amount emitted by the light-emitting 
body 15 which is blocked by the water-absorbing mate- 
rial 30 increases, the light amount received by the opti- 
cal sensor 16 decreases, and the output of the optical 
sensor 16 also decreases, as shown in FIG. 19. 
[0107] This relation is first found by experiment. A 
map specifying this relation is prestored in the memory 
of the controllers, and the controllers converts the out- 
put of the optical sensor 1 6 to a water content by looking 
up this map. 

[0108]. Next, a seventh embodiment of this invention 
will be described referring to FIGs. 20, 21 . 
[0109] In this embodiment, the output voltages of the 
fuel cell stack 6 or the single fuel cells 36 are used as 
an index showing the humid ification of the airdistributed 
to the air passages 32. 

[0110] Forthis purpose, a voltmeter 17 which detects 
the potential difference between the anode 33A and 
cathode 33B of the single fuel cell 36, or a voltmeter 18 
which delects the output voltage of the fuel cell stack 6, 
is installed instead of the hygrometers 9A, 9B of the first 
embodiment as shown in FIG. 20. The remaining fea- 
tures of the construction of the air supply mechanism 
are identical to those of the first embodiment. 
[0111] The output voltage from the voltmeter 17, 18 



after the air supply direction is changed over, vary in a 
similar pattern with the elapsed time, as shown in FIG. 
21. Specifically, when the water content of the water- 
absorbing materiaf 30 decreases, the humidity of the air 
s in the air passages 32 supplied to the cathode 33A de- 
creases. As a result, the electrolyte 33 dries, while the 
output voltage of the voltmeter 1 7 and the output voltage 
" of the voltmeter 1 8 decrease. Therefore, the output volt- 
age of the voltmeter 17 or voltmeter 18 may be consid- 
fo ered as indices showing the humidification of the air in 
the air passages 32. 

[0112] The controller 8 compares the output voltage 
of the voltmeter 17 or voltmeter 18 with a lower limiting 
voltage, and when the output voltage becomes less than 
the lower limiting voltage, the three -way valves 20-22 
are operated to change over the air supply direction. It 
is possible to provide only one of the voltmeters 17, 18. 
The lower limiting humidity is preferably set by experi- 
ment or through computer simulation. In a typical case, . 
the lower limiting voltage is set to seventy percent of the 
output voltage immediately after the change-over of the 
air supply direction. 

[0113] According to this embodiment, an index repre- 
senting water content can be detected and the air 'sup- 
ply direction can be changed over without depending on 
hygrometers or water content sensors. 
[0114] The contents of Tokugan 2002-38043, with a 
filing date of February 15, 2002 in Japan, are hereby 
incorporated by reference. 

[0115] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art, in light of the above teachings. 
[0116] For example, in the aforesaid embodiments, 
the change-over of the air supply direction was per- 
formed by controlling the three-way valves 20-22, but 
the change-over of the air supply direction may also be 
performed by a pump or fan without using the three-way 
valves 20-22. However, the use of the three-way valves 
20-22 to change over the air supply direction is advan- 
tageous from a cost viewpoint. 

[0117] In the aforesaid embodiments, this invention 
was applied to an air supply mechanism, but the inven- 
tion may also be applied to a hydrogen supply mecha- 
nism. Specifically* the water contained in anode effluent 
is absorbed by an absorbing material disposed in the 
hydrogen manifold on the discharge side. When the wa- 
ter content of the absorbing material reaches an upper 
limit, the hydrogen supply direction is changed over so 
that the supply hydrogen is humidified using the water- 
absorbing material of high water content. Whereas wa- 
ter vapor is produced by reaction between oxygen and 
hydrogen ions at the cathode 33B, water vapor is basi- 
cally not produced at the anode 33A. The use of the wa- 
ter vapor produced for humidification of the membrane 
electrolyte is very effective when this invention is applied 
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to the air supply mechanism. 

[01 18] The embodiments of this invention in which an 
exclusive property or privilege is claimed are defined as 
follows: 



Claims 

1. A fuel cell power plant, comprising: 

a fuel cell stack (6) wherein plural fuel cells (36) 
are stacked in series, each of the fuel cells (36) 
comprising a membrane electrofyte (33), an 
electrode (33A, 33B) in contact with the mem- 
brane electrolyte (33) and a gas passage (31, 
32) formed facing the electrode (33A, 33B). the* 
power plant generating power by a chemical re- 
action of a gas flowing in the gas passage (31, 
32) at the electrode (33A f 33B); 
a first manifold (1 A) communicating with an end 
of each of the gas passages (31 , 32), the first 
manifold (1A) comprising a water-absorbing 
material (30) facing a flow of the gas; and 
a second manifold (1 B) communicating with the 
other end of each of the gas passages (31 , 32), 
the second manifold (1B) comprising a water- 
absorbing material (30) facing a flow of the gas; 
and 

a gas supply mechanism (5, 20-22) for selec- 
tively changing over between a first gas supply 
direction wherein the gas is made to flow from 
the first manifold (1A) to the second manifold 
(1 B) via the gas passages (31 , 32), and a sec- 
ond gas supply direction wherein the gas is 
made to flow from the second manifold (1B) to 
the first manifold (1 A) via the gas passages (31 , 
32), so as to supply the gas to the fuel cells (36). 

2. The fuel cell power plant as defined in Claim 1, 
wherein the power plant further comprises a sensor 
(9A, 9B, 10A, 10B, 11A, 11B, 40, 50) which detects 
a parameter relating to a humidity in the gas pas- 
sages (32), and a controller (8) functioning to deter- 
mine whether or not the parameter satisfies a pre- 
determined condition (S2, S3, S12, S23. S24), and 
control the gas supply mechanism (5, 20-22) to 
change over the gas supply direction when the pa- 
rameter does not satisfy the predetermined condi- 
tion (S4). 

3. The fuel ceil power plant as defined in Claim 2, 
wherein the sensor (9A> 9B f 10A. 10B, 11 A, 11 B, 
40,50) comprises a hygrometer (9A, 9B, 10A, 10B) 
which detects the humidity of the gas circulating be- 
tween the first manifold (1 A) and second manifold 
(1B). 

4. The fuel cell power plant as defined in Claim 3. 



wherein the hygrometer (9A, 9B, 10A, 10B) com- 
prises a first hygrometer (9 A) installed upstream of 
the water-absorbing material (30) of the first mani- 
fold (1 A) with respect to the first gas supply direc- 
5 tion , and a second hygrometer (9 A) installed down- 

stream of the water-absorbing material (30) of the 
second manifold (1B) with respect to the first gas 
supply direction. 

10 5. The fuel cell power plant as defined in Claim 4, 
wherein the controller (8) is further functioning to 
determine that the parameter does not satisfy the 
predetermined condition when the humidity detect- 
ed by the first hygrometer (9A) falls below a lower 

15 limiting value while the first gas supply direction is 
applied, and when the humidity detected by the sec- 
ond hygrometer (9B) falls below the lower limiting 
value while the second gas supply direction is ap- 
plied (S2). . 

20 

6, The fuel cell power plant as defined in Claim 4 or 5, 
wherein the controller (8) is further functioning to 
determine that the parameter does not satisfy the 
predetermined condition when the humidity detect- 

25 ed by the second hygrometer (9B) exceeds an up- 
per limiting value while the first gas supply direction 
is applied, and when the humidity detected by the 
first hygrometer (9A) exceeds the upper limiting val- 
ue while the second gas supply direction is applied 

30 (S3). 

7. The fuel cell power plant as defined in Claim 4, 
wherein the hygrometer (9A, 9B, 10A, 10B) further 
comprises a third hygrometer (10A) installed in a 

35 communicating part between a specified gas pas- 
sage (32) and the first manifold (1A), and a fourth 
hygrometer (1 0B) installed in a communicating part 
between the specified gas passage (32) and the 
second manifold (1B), and the controller (8) is fur- 
^0 ther functioning to cafculate a difference between a 
humidity detected by the first hygrometer (9A) and 
a humidity detected by the third hygrometer (10A) 
as a first parameter (S22), calculate a difference be- 
tween a humidity detected by the second hygrom- 
as eter (9B) and a humidity detected by the fourth hy- 
grometer (10B) as a second parameter (S22} t and 
control the gas supply mechanism (5, 20-22) to 
change over the gas supply direction, when the first 
gas supply direction is applied, to the second gas 
so supply direction at the earlier of a timing when the 
first parameter starts to decrease after increasing, 
and a timing when the second parameter becomes 
less than a lower limiting value, and when the sec- 
ond gas supply direction is applied, to the first gas 
55 supply direction at the earlier of a timing when the 
second parameter starts to decrease after increas- 
ing, and a timing when the first parameter becomes 
less than the lower limiting value (S23, S24, S4). 
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8. The fuel cell power plant as defined in Claim 3, 
wherein the hygrometer (9A, 9B, 10A, 10B) com- 
prises a third hygrometer (10A) installed in a com- 
municating part between a specified gas passage 
(32) and the first manifold. (1A), and a fourth hy- 5 
grometer (10B) installed in a communicating part 
between the specified gas passage (32) and the 
second manifold (1B). 

9. The fuel cell power plant as defined in Claim 8, 10 
wherein the controller (8) is further functioning to 
determine that the parameter does not satisfy the 
predetermined condition when the humidity detect- 
ed by the third hygrometer (10A) falls below a lower 
limiting value while the first gas supply direction is is 
applied, and when the humidity detected by the 
fourth hygrometer (1 OB) falls below the lower limit- 
ing value while the second gas supply direction is 
applied (S12). 

20 

10. The fuel cell power plant as defined in Claim 2, 
wherein the sensor (9A t 9B, 10A, 10B, 10A, 10B, 
11 A -11B, 40, 50) comprises a first water content 
sensor (11 A) which detects a water content of the 
water-absorbing material (30) of the first manifold 25 
(1A), and a second water content sensor (11 B) 
which detects a water content of the water-absorb- 
ing material (30) of the second manifold (1B). 

11. The fuel cell power plant as defined in Claim 10, 3( > 
wherein the controller (8) is further functioning to 
control the gas supply mechanism (5, 20-22) to 
change over the gas supply direction to the second 
gas supply direction during application of the first 
gas supply direction when the water content detect- 35 
ed by the first water content sensor (1 1 A) falls below 

a lower limiting value, and change over the gas sup- 
ply direction to the first gas supply direction during 
application of the second gas supply direction when 
the water content detected by the second water *o 
content sensor (11B) falls below the lower limiting 
value (S2, S4). 

12. The fuel cell power plant as defined in Claim 10 or 

1 1 , wherein the water-absorbing material (30) com- 45 
prises a material which varies a volume together 
with an increase in water content, and each of the 
first water content sensor (11 A) and the second wa- 
ter content sensor (11B) comprises a strain gauge 
(12) which respond to a deformation in part of the so 
water-absorbing material (30) accompanying a var- 
iation in the volume of the water-absorbing materia) 
(30). 

13. The fuel cell power plant as defined in Claim 10 or 55 
11 , wherein each of the first water content sensor 

(11 A) and second water content sensor (11 B) com- 
prises an elastic member (13) which supports the 



water-absorbing material (30) with a cantilever 
structure and a strain gauge (12) which responds 
to a deformation of the elastic member (13). 

14. The fuel cell power plant as defined in Claim 10 or 
11 , wherein the water-absorbing material (30) com- 
prises a member which changes a volume together 
with an increase in water content, each of the first 
water content sensor (11 A) and second water con- 
tent sensor (11B) comprises a light-emitting body 

(15) and an optical sensor (16) which receives and 
detects a light amount emitted by the light-emitting 
body (15), and the light-emitting body (15) and the 
optical sensor (16) are disposed in a position such 
that the light amount received by the optical sensor 

(16) varies according to a volume change of the wa- 
ter-absorbing material (30). 

15. The fuel cell power plant as defined in Claim 2, 
wherein the sensor (9A, 9B, 10A, 10B, 10A, 10B, 
11 A, 11B, 40, 50) comprises a voltmeter (17, 18) 
which detects one of an output voltage of the fuel 
cell stack (6) and an output voltage of a single fuel 
ceil (36), and the controller (8) is further functioning 
to control the gas supply mechanism (5, 20-22) to 
change over the gas supply direction when the volt- 
age detected by the voltmeter (17, 1 8) falls below a 
lower limiting value (S4). 

16. The fuel cell power plant as defined in any one of 
Claim 1 through Claim 15, wherein the gas is air, 
the electrode (33A, 33B) is a cathode (33A) ( and 
the chemical reaction is a water vapor-producing re- 
action between hydrogen ions which have passed 
through the membrane electrolyte (33) and oxygen 
in the air. 

17. The fuel cell power plant as defined in any one of 
Claim 1 through Claim 16, wherein the gas supply 
mechanism (5, 20-22) comprises plural three-way 
valves (20-22). 

18. A gas supply direction control method for a fuel cell 
power plant, the power plant comprising a fuel cell 
stack (6) wherein plural fuel cells (36) are stacked 
in series, each of the fuel cells (36) comprising a 
membrane electrolyte (33), an electrode (33 A, 33B) 
in contact with the membrane electrolyte (33), and 
a gas passage (31 , 32) formed facing the electrode 
(33A, 33B), the power plant generating power by a 
chemical reaction of a gas flowing in the gas pas- 
sage (31, 32) at the electrode (33A, 33B), a first 
manifold (1A) communicating with an end of each 
of the gas passages (31 , 32), the first manifold (1 A) 
comprising a water-absorbing material (30) facing 
a flow of the gas, a second manifold (1B) commu- 
nicating with the other end of each of the gas pas- 
sages (31, 32), the second manifold (1B) compris- 
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ing a water-absorbing material (30) facing a flow of 
the gas, and a gas supply mechanism (5, 20-22) for 
selectively changing over between a first gas supply 
direction wherein the gas is made to flow from the 
first manifold (1A) to the second manifold (1B) via 5 
the gas passages (31 , 32), and a second gas supply 
direction wherein the gas is made to flow from the 
second manifold (1B) to the first manifold (1A) via 
the gas passages (31 , 32), so as to supply the gas 
to the fuel cells (36), the method comprising: io 

detecting a parameter relating to a humidity in 
the gas passages (32); 

determining a parameter relating to a humidity 
in the gas passages (32); and 15 
controlling the gas supply mechanism (5, 
20-22) to change over the gas supply direction 
when the parameter does not satisfy th e prede- 
termined condition (S4). 
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